A variety of ynamides undergo highly regio-and stereoselective radical addition of arenethiols with the aid of triethylborane as a radical initiator. The products, N-[(Z)-2-arylsulfanyl-1-alkenyl]amides, can be reduced with triethylsilane in trifluoroacetic acid to yield N- [2-(arylsulfanyl)alkyl]amides.
(E/Z = 2/8)
Introduction
Sulfides are a versatile class of compounds that are extensively used in organic synthesis. Development of carbon-sulfur bond forming reactions is thus important.
1 Radical addition of thiols to alkenes or alkynes is a representative method to introduce a sulfanyl moiety.
2, 3 Whereas radical addition of thiols to terminal alkynes is facile, addition to internal alkynes is rather difficult and rarely reported. 4 Addition of thiols to heteroatom-substituted internal alkynes can provide a rapid access to 1-heteroatom-substituted 2-sulfanyl 1-alkenes and can be useful in organic synthesis. However, such addition reactions have scarcely been reported. 5, 6 We focused on N-alkynylamides (ynamides) 7 as nitrogen-substituted internal alkynes, and radical hydrothiolation of ynamides is reported in detail. 8, 9 Results and Discussion (1a) and benzenethiol was treated with a catalytic amount of triethylborane 10 in dichloromethane at -30 ºC for 30 min under air. The reaction proceeded with exclusive regio-and stereoselectivities to yield N-benzyl-N-[(Z)-2-(phenylsulfanyl)-1-octenyl]-p-toluenesulfonamide (2a) in 89% isolated yield (Table  1, 
A mixture of N-benzyl-N-(1-octynyl)-p-toluenesulfonamide

entry 1).
A plausible mechanism is outlined in Scheme 1. As the initiation step, an ethyl radical generated from triethylborane abstracts hydrogen atom from benzenethiol to form a phenylsulfanyl radical. Arylsulfanyl radicals are known to behave as electron-deficient radicals. 11 Addition of the phenylsulfanyl radical thus naturally takes place at the more electron rich sp-hybridized carbon of ynamide 1a. The newly formed nitrogen-substituted vinyl radical 3 should have Z geometry, 12 and the isomerization of (Z)-3 into the E isomer (E)-3 would be so slow because of the electronegative nitrogen 13 that (Z)-3 abstracts hydrogen atom from benzenethiol. Product 2a is thus selectively formed. † This paper is dedicated to Professor Sunggak Kim on the occasion of his honorable retirement.
The radical addition of electron-deficient arenethiols proceeded smoothly (Table 1 , entries 2 and 3). On the other hand, electron-rich arenethiols added less efficiently (entries 4-6). The inefficiency would result from the low reactivity of the electrophilic sulfanyl radicals that are stabilized by electron-donating aryl groups. The presence of TEMPO (2,2,6,6-tetramethylpiperidine-N-oxyl) or the absence of triethylborane significantly suppressed the reaction, which support a radical mechanism (entries 7 and 8). The addition of dodecanethiol to 1a did not proceed at -30 o C. The reaction proceeded in refluxing benzene with the aid of AIBN [2,2'-azobis(isobutyronitrile)], albeit with low yield and stereoselectivity (eq 1).
The scope of ynamides in the radical addition of benzenethiol is summarized in Table 2 . Functional groups such as an acid-sen- sitive THP ether moiety and a base-sensitive ester moiety were compatible under the conditions (entries 2 and 3). The radical conditions allowed us to use hydroxy-containing substrate 1d although the product decomposes during chromatographic purification (entry 4). The cyclohexyl group of ynamide 1e retarded the addition reaction as well as diminished stereoselectivity slightly (entry 5). Ynamide 1f having a t-butyl group resisted the addition reaction (entry 6). The addition reaction to phenyl-substituted ynamide 1g afforded a complex mixture of stereo-and regioisomers (entry 7). Replacement of the benzyl group of 1a by a methyl group slightly decreased the stereoselectivity of the reaction (entry 1 vs. entry 8). The allyl group of 1i remained untouched under the reaction conditions (entry 9). N-Phenyl ynamide 1j was less reactive than the N-benzyl analogue 1a (entry 10).
Camphorsulfonamides 5a and 5b and Boc-protected ynamide 5c as well as tosylamides 1 also underwent the radical addition smoothly (eqs 2 and 3). N-(1-Alkynyl)oxazolidinones 5d-5f were good substrates to yield the corresponding Z adducts exclusively (eq 4).
Hydrogenation of the olefinic moiety of adducts 2, 4, and 6 can create a sulfur-substituted chiral center. Many attempts to reduce 2a with 1 atm of molecular hydrogen under transition metal catalysis resulted in failure, suffering from no conversions. On the other hand, 2a was efficiently reduced with triethylsilane in trifluoroacetic acid 14 (eq 5). Unfortunately, no diastereoselectivity was observed in the reduction of chiral N-(1-alkenyl)oxazolidinones 6e and 6f (eq 6). As each diastereomer was separable by flash column chromatography on silica gel, we could readily obtain enantiomerically pure 7c and 7d.
Conclusion
We have found that arenethiols can add to ynamides, a class of electron-rich internal alkynes, by a radical process. The addition takes place with high regio-and stereoselectivities to yield N-[(Z)-2-(arylsulfanyl)-1-alkenyl]amides. The products will be useful precursors that undergo a number of transformations. As an example, we have disclosed triethylsilane-mediated reduction of the double bonds. The reduced products have asymmetric carbons, and they can be useful as chiral building blocks 15 and chiral bidentate N,S-ligands of transition metal catalysts.
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Experimental Section
Instrumentation.
1 H NMR (500 MHz) and 13 C NMR (125.7 MHz) spectra were taken on a Varian UNITY INOVA 500 spectrometer and were obtained in CDCl3 with tetramethylsilane as an internal standard. IR spectra were determined on a SHI-MADZU FTIR-8200PC spectrometer. Mass spectra were determined on a JEOL Mstation 700 spectrometer. Specific rotations were determined on a HORIBA SEPA-200 polarimeter. TLC analyses were performed on commercial glass plates bearing a 0.25-mm layer of Merck Silica gel 60F254. Silica gel (Wakogel 200 mesh) was used for column chromatography. Elemental analyses were carried out at the Elemental Analysis Center of Kyoto University.
Materials. Unless otherwise noted, materials obtained from commercial suppliers were used without further purification. Neat triethylborane was obtained from Aldrich and was diluted with dry hexane to prepare a 1.0 M solution, which was stored under argon. Triethylsilane was available from TCI. Trifluoroacetic acid was purchased from Wako Pure Chemicals. Dichloromethane was dried with molecular sieves 4A. Thiols were commercially available or readily prepared by the conventional methods. Ynamides were synthesized from the corresponding bromoalkynes and amides. (1a) as a pale yellow oil in 78% yield (1.4 g, 3.9 mmol). Since ynamides are more or less unstable under air at room temperature, ynamides must be stored in a refrigerator under inert atmosphere.
Procedure for additions of thiols to ynamides. Addition of benzenethiol to ynamide 1a is representative (Table 1, 
as a white solid in 89% yield (0.21 g, 0.45 mmol). The Z configuration was assigned by NOE analysis that showed correlation between the vinylic proton and C5H11-CH2).
In the addition of dodecanethiol (eq 1), AIBN (0.10 mmol), dodecanethiol (0.75 mmol), and benzene (2.0 mL) were used. In the addition to N-(1-alkynyl)oxazolidinone 5d-5f (eq 4), benzenethiol (1.2 mmol) and triethylborane (0.10 mmol) were used.
Hydrogenations of the double bonds of enamides. Hydrogenation of the double bond of 2a is representative (eq 5). Under 
N-Benzyl-N-[(Z)-3-(2-oxacyclohexyloxy)-2-(phenylsulfan-
yl
